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Abstract 

This paper is a sequel to the series of papers [1-7]. Gravitational autolocalization of a body 
is considered. A self-consistent problem is solved: A quantum state of the center of mass of 
the body gives rise to a classical gravitational field, and the state, on the other hand, is an 
eigenstate in the field. We call a resulting solution gravilon. Gravilons are classified, and their 
properties are studied. Gravitational autolocalization is predominantly a macroscopic effect. 
The motion of a gravilon whole is classical. 
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Watching the rolling ball, Mr. Tompkins noticed to his great surprise 
that the ball began to 'spread out'. This was the only expression he 
could find for the strange behavior of the ball which, moving across the 
green field, seemed to become more and more washed out, losing its sharp 
contours. 

George Gamow, Mr. Tompkins in Wonderland 



Introduction 

The matter of the universe is governed by quantum laws. Yet macroscopic bodies exhibit 
a pronounced classical behavior. This leads to the problem of classicality (see, e.g., [8]). The 
most essential aspect of the problem is the well-marked localization of macroscopic objects. We 
quote Penrose [9]: "Why, then, do we not experience macroscopic bodies, say cricket balls, or 
even people, having two completely different locations at once? This is a profound question, 
and present-day quantum theory does not really provide us with a satisfying answer" . Indeed, 
in quantum mechanics, for a stationary state of a free body, the center of mass of the body is 
not localized whatsoever. 

We argue that the classicality problem, specifically the localization problem, cannot be 
solved unless classical elements have been incorporated into a theory from the outset. But it is 
only spacetime, not matter, that allows a classical description, so that we argue for semiclassical 
gravity and its using for solving the localization problem. 

Indeterministic quantum gravity and cosmology (IQGC) — the theory being developed in 
this series of papers — is based on a variant of semiclassical gravity, so that IQGC provides a 
natural groundwork for handling the localization problem. 

The idea is to consider a self-consistent problem: A quantum state of the center of mass 
of a body gives rise to a classical gravitational field, and the state, on the other hand, is an 
eigenstate in the field. A model solution to the problem is very simple. 

We call a gravitationally autolocalized body gravilon: gravilon=gravity+ localization. The 
main results are as follows. 

Let a be the radius of a body with a mass M, r be the radius of the wave function of the 
center of mass of the body, a = a +r , and mp be the Planck mass. A light (respectively heavy) 
gravilon is that with M < mp (respectively M ^> mp); a fuzzy (respectively quasiclassical) 
gravilon is that with r > ao (respectively r <C a ). 

A gravilon is quasiclassical iff (a /lp)(M/m P ) 3 3> 10 where l P is the Planck length. For the 
quasiclassical gravilon with a constant density, r oc 1/a^ 2 . 

A heavy gravilon is quasiclassical, a fuzzy one is light. A light gravilon may be both fuzzy 
and quasiclassical. 

For any gravilon the conditions a ^> lp(M/mp), a > lp(mp/M) 3 should be fulfilled; it 
follows a 3> lp. 

Gravitational autolocalization is predominantly a macroscopic effect. 
The motion of a gravilon as a whole is classical. 
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1 Model 

Consider a ball with a radius do, a mass M, and a constant density p, so that 

M = —a 3 p. 

Let ro be the radius of the wave function of the center of mass of the ball, and 

a = a + r . 

We use the Newtonian approximation for gravitational potential $(r) and put 



$(r) = kM 



(r 2 — 3a 2 ) /2a 3 for r < a 
(— 1/r) for r > a, 



where k is the gravitational constant. 

Now we consider a quantum particle with the mass M in a potential well 

C/(r) = ^r^, 
i.e., a harmonic oscillator. From the relation 

= — g — 

it follows for the frequency 

(kM) 1 ' 2 

^"^72— 

We have (from here on = 1, c = 1) 



2 V2a 3 / 4 

r 



Muj k 1 / 4 M 3 / 4 ' 
which, in view of eq.(|1.2j), is an equation for r . 

2 Conditions 

The condition for the Newtonian approximation is 

2|$(0)| < 1. 
The condition that a black hole does not form is 

a > 2kM. 

The condition that there is no creation of particle-antiparticle pairs is 

|$(0)| < ^critical, ^critical > 1- 



It is seen that the condition ( |2.1| ) implies the conditions ( |2.2|) , (|2.3|) . Thus we assume that 

, M . 

a > l P (2.4) 

mp 

holds where lp = tp is the Planck length and/or time and mp is the Planck mass (k = t P , mp = 
l/tp). 

Furthermore, the condition 

|«|$(0)|M (2.5) 

should hold, which results in 

Thus we have obtained the conditions 

a>/ P , a>lp[ — ) =a x . 2.7 

mp V M / 

It follows from those 

a > / P . (2.8) 

3 Solution 

For the sake of simplicity, we drop the factor \/2 in eq. (|1.7|) and obtain 

■ u ~~ "-f 

Let us introduce quantities 



r " = lp VW> (ro + ao) (3 '^ 



a ai 

then eq.(|3.1|) takes the form of 



x = — , a = — , (3.2) 



1 + x)3 ^ 
= a. (3.3) 



x 4 

We call the quantity a characteristic parameter. 
Let 

Ii. a<l. (3.4) 

Then 

x^-, (3.5) 
a 

so that 

r = ai a ai r 3> a a = a x . (3.6) 
The conditions (|2.7|) reduce to 

M < m P . (3.7) 

Let 

Iii. a = l. (3.8) 
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Then 
so that 

r = 2.6ao, ao = di, a = 3.6a\. 
The conditions (|2.7|) reduce to 



M < m P . 
Let 

I hi. a 



x = 2.63, (3.9) 

3.10) 
3.11) 



Then 
so that 

The conditions (|2.7|) reduce to 



a; = 1, 

r o = a o = 8 ai, a = 9 aj. 
M <m P . 



Piecing I i, ii, iii together, we obtain 



The conditions (|2.7|) reduce to 

Now let 
Then 



I. a < 10, 



^o>«o, a <10oi. 

M<m P . 
II. a > 10. 



1 r 

x<l, x = — 7-, — = xa = a 3/4 > 1, 
a 1 / 4 ai 



so that 

The conditions (12.71) reduce to 



ai <ti r < a , a = a . 

. M 

a 3> <p . 

trip 



3.12) 
3.13) 
3.14) 
3.15) 

3.16) 
3.17) 

3.18) 
3.19) 
3.20) 
3.21) 
3.22) 



4 Gravilons 

We introduce the following terminology. A gravilon is a gravitationally autolocalized system: 

gravilon = gravity + localization. (4-1) 

Light gravilon: 

M<m P , (4.2) 



heavy gravilon: 

M»m P . (4.3) 

Fuzzy gravilon: 

r > a , (4.4) 

quasiclassical gravilon: 

r < a . (4.5) 

From eqs.( |3.17 ),( |3.18 ) we obtain the following results: a fuzzy gravilon is light, a heavy 
gravilon is quasiclassical. A light gravilon may be both fuzzy and quasiclassical. A gravilon is 
quasiclassical iff eqs.( [3.19D ,( [3.22|) hold. 

For a quasiclassical gravilon, we obtain from e qs . ( |3 . 2j ) , ( |3 . 2 0| ) , ( |TTT| ) 



'0 

so that 



r oc — for p = const. (4.7) 



a 



The condition ( |3.22| ) reduces to 



fn < 0.5 • 10 14 • [a ] = cm, [p] = g/cm 3 . (4.8) 



For the characteristic parameter a, eq.( |3.2|) , we have 



a = (t) 3 i (^) 3fl °° w 0,05p3 (1 ° 5ao) 10 ' [ao] = cm ' [p] = g/cm3 - (49) 

Thus for p sa 1 g/cm 3 and ao ^ 2 ■ 10 _5 cm 

a > 10, (4.10) 

the gravilon is quasiclassical. 
Let 

p = 1 g/cm 3 , a = 1 cm; (4-H) 

then 

a^ 5-10 48 , r ^10" 12 cm. (4.12) 

Let 

a = 0, M = 10- 24 g; (4.13) 

then 

a = 0, r = a! w 10 24 cm. (4.14) 

Thus, gravilon formation, i.e., gravitational autolocalization is predominantly a macroscopic 
effect. 

In conclusion, it should be pointed out that the motion of a gravilon as a whole, i.e., the 
motion of the gravitational well, is classical. In the Newtonian approximation, the internal 
(quantum) degree of freedom of the center of mass is frozen: the state of the center of mass is 
fixed. Thus we should not consider transitions of the center of mass in the well. 
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